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ARTICLE INFO  ABSTRACT 
Article Type: Original Article  Introduction: Accurate information regarding the morphology of roots and canals is a prerequisite 
for successful endodontic treatment. This study aimed to assess the number of roots and canals and 
canal type of maxillary teeth according to the Vertucci’s classification in an Iranian subpopulation 
residing in Western Iran using cone-beam computed tomography (CBCT). Methods and Materials: 
In this cross-sectional study, a total of 1750 teeth were evaluated on CBCT scans taken for purposes 
other than this study. For each tooth, 250 axial, sagittal and coronal sections with 1 mm slice 
thickness were evaluated using NNT Viewer software. The number of roots and canals and canal 
type according to the Vertucci’s classification were determined and reported. Data were analyzed 
using descriptive and analytical statistics via Fisher’s exact test and Chi square test. All data analyses 
were performed using SPSS version 18. Results: All of the maxillary anterior teeth were single-
rooted, and Vertucci’s type I was the most common canal type. Maxillary premolars were mostly 
single-rooted and Vertucci’s type I was the most common type except for the first maxillary 
premolars, in which type V had the highest frequency. Maxillary molars mostly had three roots and 
two canals in the mesiobuccal root and one canal in the distobuccal and palatal roots. Conclusion: 
Although the number of roots in this cross-sectional study was similar to the findings of previous 
studies, canal type was significantly different from the results of previous studies. The result of this 
study can help clinicians in efficient root canal treatment of teeth. 
Keywords: Cone-Beam Computed Tomography; Maxilla; Root Canal Morphology 
Received: 06 Aug 2019 
Revised: 23 Nov 2019 
Accepted: 16 Dec 2019 
Doi: 10.22037/iej.v15i1.25386 
 
*Corresponding author: Atena 
Karimi, Department of Oral and 
Maxillofacial Radiology, 
Kermanshah University of Medical 
Sciences, Kermanshah, Iran. 
Tel: +98 912 779 4870 
E-mail: atenakarimi83@yahoo.com 
 
 This work is licensed under the terms of the 
Creative Commons Attribution-NonCommercial-ShareAlike 
4.0 International. 
 
   
 
Introduction 
 n root canal therapy, proper treatment planning, endodontic 
procedures and their outcome are directly influenced by the 
complexities of the root canal system and its internal 
morphology [1, 2]. Thus, dental clinicians should be well aware 
of the anatomical variations of teeth according to race, gender 
and genetics. For instance, Rouhani et al. [3] showed that the 
maxillary second molars had three roots in 96.6% of the cases 
while this rate was 82.7% in the study by Kim et al. [4]. The 
prevalence of single-rooted second molars was 4.63% in the 
study by Kim et al. [4] while Rouhani et al. [3] did not find any 
case of single-rooted second molars. The prevalence of double-
rooted second molars was 0.8% in the study by Rouhani et al. [3] 
and 10.72% in the study by Kim et al. [4] which highlight the 
variability in tooth anatomy among different populations and 
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Figure 1. Determination of canal type: A) on coronal views; B) on saggital views 
 
 
Figure 2. Determination of canal type on axial views: A) maxillary premolar at the orifice (one canal can be seen); B) the same tooth at the mid-root 
(main canal is divided into two branches); C) the same tooth at the apex (two canals can be seen) 
 
Several techniques are available for assessment of 
morphological characteristics of the root canal system including 
canal staining and clearing technique [5], serial sectioning [6], 
radiographic examination [7], dentin assessment under 
magnification [8], use of clinical operating microscope [9], 
scanning electron microscopy [10], ultrasound [11], micro-
computed tomography [12] and cone-beam computed 
tomography (CBCT) [2]. Of the above-mentioned techniques, 
those requiring tooth extraction and sectioning are not suitable 
due to their invasiveness. Radiography is an efficient tool in 
endodontic treatment. It is extensively used for endodontic 
diagnosis, during the procedure and for the follow-up 
assessments [13]. But, data obtained from the conventional two-
dimensional radiographic modalities such as periapical 
radiography have limitations since these modalities provide 
two-dimensional images of three-dimensional structures. These 
limitations include superimposition in the buccolingual plane 
and image distortion. Computed tomography (CT) and 
particularly CBCT are three-dimensional radiographic 
modalities suitable for assessment of the maxillofacial complex 
in the axial, sagittal and coronal planes [14, 15]. CT has high 
patient radiation dose, high cost, low resolution and limited 
availability; also, interpretation of CT findings is complicated 
[16]. CBCT is an extra-oral radiographic modality that provides 
three-dimensional images of the maxillofacial complex with 
much lower patient radiation dose than CT [17]. Also, different 
sizes of field of view can be used in CBCT. The field of view in 
CBCT can be large to include the entire maxillofacial skeleton or 
small to include only a small portion of the mandible or maxilla 
or even two or three teeth [17]. 
Considering the morphological variations in the roots and 
canals according to gender, race and genetics and gap of 
information regarding tooth morphology of the Iranians residing 
in Western part of Iran, this study aimed to assess the number of 
roots and canals and root canal type of maxillary teeth in an 
Iranian subpopulation residing in the Western part of Iran using 
CBCT. No similar study was performed in Iranian population 
with this sample size and includes different types of teeth. 
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Figure 3. The Vertucci’s classification to determine the root canal morphology and canal type 
 
Materials and Methods 
In this cross-sectional study, a total of 1750 teeth (n=250 for 
maxillary central incisors, lateral incisors, canines, first 
premolars, second premolars, first molars and second molars) 
were evaluated on CBCT scans taken for purposes other than 
this study. Minimum sample size was calculated to be 241 teeth 
according to a previous study by Zhengyan et al. [15] assuming 
the effect size of 0.0866, alpha=0.05, beta=0.1 and power of 90%. 
Thus, 250 teeth of each type were included.  
The inclusion criteria were fully erupted maxillary 
permanent teeth with closed apices and high quality of 
radiographs.  
The exclusion criteria were root canal treatment, deep 
carious lesions in the crowns or roots, odontogenic lesions, 
presence of intracanal post, root resorption or calcification, 
open apex teeth, immature roots, root fracture extensive 
restorations and unclear root canal morphology on CBCT scans.  
CBCT scans of male and female patients presenting to oral 
and maxillofacial radiology clinics in Kermanshah city taken for 
purposes other than this study such as implant treatment, 
diagnosis of bone fracture, etc. and met the inclusion criteria 
were collected using convenience sampling. All CBCT scans had 
been taken in private office in Kermanshah city in west of Iran 
with using New Tom VGi CBCT system (QR SRL Co., Verona, 
Italy) with the exposure settings of 110 kVp, 10 mA, 5.4 s 
exposure time, 0.15 mm voxel size and 120×80 mm field of view.   
To determine the morphology of root canals, CBCT images 
in axial, sagittal and coronal planes were morphologically 
evaluated using NNT Viewer version 7.2 software on a 12.5-inch 
laptop (Asus) with 1080×1920 p resolution (Figures 1 and 2). 
The total number of canals in each tooth, number of canals in 
each root and canal morphology in each root were determined. 
To determine the root canal morphology and canal type, the 
Vertucci’s classification [18] was used (Figure 3). According to 
the observation of the teeth and roots in different planes 
(specially in axial) the number of roots (fused or separated roots) 
was precisely determined. Root fusion was considered to present 
when there was no evidence of periodontal ligament. 
All assessments were made by two oral and maxillofacial 
radiologists and confirmed by one calibrated endodontist. For 
reliability test 300 teeth were analyzed by two oral and 
maxillofacial radiologists. Reliability between radiologists was 
assessed by kappa test. For intra-observer agreement, one 
observer re-analyzed of the sample, after two weeks and 
compared it with the previous result. 
Statistical analysis 
Data were analyzed using descriptive and analytical statistics via 
Fisher’s exact test and Chi square test. All data analyses were 
performed using SPSS version 18. 
Results 
All the maxillary central and lateral incisors and canine teeth 
were single-rooted in 100% of the patients (Tables 1). Vertucci’s 
type I was the most common canal type in these teeth. The 
maxillary first and second premolars were single-rooted in 
72.4% and 93.2% of the cases, respectively (Table 2). The most 
common canal type was type V in the maxillary first premolars 
(40.8%) and type I in the maxillary second premolars (50.8%). 
Maxillary first and second molars had three roots in 97.6% and 
96% of the cases, respectively. The mesial canal of the maxillary 
first molar had one root canal in 48.8% of the cases; a second 
mesiobuccal canal was noted in 51.2% of the cases. Mesial root 
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of the maxillary second molar had one canal in 66% of the cases 
and a second canal in 34% of the cases (Table 3).  
The results showed no significant correlation between the 
number of roots of maxillary teeth and quadrant (P>0.05). 
Number of roots in the maxillary teeth was not correlated with 
gender (P>0.05). No significant correlation was found between 
the number of root canals of maxillary teeth and quadrant 
(P>0.05). The number of root canals of the maxillary central 
incisors (P=0.05), canines (P=0.005) and first molars (P=0.006) 
was significantly correlated with gender.  
Correlation between age and number of root canals 
A significant association was found between age and the number 
of root canals of maxillary central incisors (P=0.005), maxillary 
lateral incisors (P=0.004) and maxillary first premolars 
(P=0.002). The correlation between age with the number of root 
canals was not significant in any other tooth (P>0.05).  
Correlation between canal type and quadrant 
A significant correlation existed between the quadrant and 
type of canal of maxillary second premolars (P=0.017). Other 
correlations were not significant (P>0.05).    
Correlation between type of canal and gender 
A significant correlation was found between gender and type 
of canal of maxillary central incisors (P=0.05) and maxillary 
canines (P=0.005). Other correlations were not significant 
(P>0.05).  
Correlation between canal type and age 
Age was significantly correlated with the type of canal of 
maxillary central incisors (P=0.004), maxillary lateral incisors 
(P=0.002), maxillary canines (P=0.015) and maxillary first 
premolars (P=0.001). Other correlations were not significant 
(P>0.05).  
 
Table 1. Number and percentage of canal type, number of roots, in maxillary central and lateral and canine 
 Type of canal Count Number of Root Count 
Maxillary canine 
Type I 119 (95.4%) 
1 125 Type II 0 
Type III 3 (2.4%) 
Maxillary lateral 
Type I 121 (96.8%) 
1 125 Type II 0 
Type III 4 (3.2%) 
Maxillary central 
Type I 123 (98.4%) 
1 125 Type II 0 
Type III 2 (1.6%) 
 
Table 2. Number and percentage of canal type, number of roots of the maxillary first and second premolars 
 type of canal Count Number of Root Count 
Maxillary premolar2 
Type I 57 (45.6%) 
1 119 Type II 12 Type III 35 
Type IV 5 
Type V 16 2 6 
Maxillary premolar1 
Type I 23 
1 94 Type II 3 Type III 25 
Type IV 12 
Type V 50 (40.0%) 2 31 TypeVI 12 
 
Table 3. Number and percentage of canal type, number of roots of the maxillary molars 
 Type of canal MB Count Type of canal DB Count type of canal P Count Number of Root 
Maxillary molar 2 
Type I 86 Type I 12 Type I 125 1 Type II 0 Type II 0 Type II 0 
Type III 21 Type III 0 Type III 0 2 Type IV 16 Type IV 0 Type IV 0 
Maxillary molar 1 
Type I 63 Type I 12 Type I 126 1 Type II 2 Type II 0 Type II 0 
Type III 33 Type III 0 Type III 0 2 Type IV 24 Type IV 0 Type IV 0 
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The type of mesiobuccal canal of maxillary first and second 
molars had no significant correlation with the quadrant 
(P>0.05). The type of mesiobuccal canal of maxillary first 
molars had a significant correlation with gender (P=0.033) but 
not with age (P>0.05). The type of mesiobuccal canal of 
maxillary second molars had no significant correlation with 
age (P>0.05). No significant correlation was noted between the 
type of distobuccal canal of maxillary first and second molarsand 
the quadrant (P>0.05) but a significant correlation existed between 
the type of distobuccal canal of maxillary first molar and gender 
(P=0.03). Type of distobuccal canal of maxillary first and 
second molars had no significant correlation with age 
(P>0.05). Type of palatal canal of maxillary first and second 
molars had no significant correlation with the quadrant 
(P>0.05). Type of palatal canal of maxillary first molars had a 
significant correlation with gender (P=0.03) but not with age 
(P>0.05). Type of palatal canal of maxillary second molars had 
no significant correlation with age (P>0.05). Only one patient 
(70-year-old female) had midbuccal in her maxillary right 
second molar, which was Vertucci’s type I. Another 62-year-old 
female had a single-rooted maxillary right second molar, which 
was Vertucci’s type I.  
Discussion  
Knowledge about the anatomical variations of the root canal 
system plays an important role in success of root canal treatment 
[19, 20]. In the current study, CBCT was used for assessment of 
root canal morphology, which was similar to the methodology 
adopted by Kim et al. [4] Wang et al. [16] Bulut et al. [14] 
Altunsoy et al. [21] and Lee et al. [22]. Abuabara et al. [23] 
reported that CBCT was as accurate as ultrasound and assessment 
under a microscope for detection of accessory canals. Blattner et 
al. [24] compared CBCT with the gold standard of assessment of 
root canal morphology i.e. clinical sectioning of teeth and revealed 
that CBCT yielded the same results as the gold standard in 
detection of second mesiobuccal canal in 80% of the cases.  
Our results showed that all 250 maxillary central incisors were 
single-rooted; 249 were single-canal and Vertucci’s type I while 4 
teeth had two canals and were Vertucci’s type III. Canal type of 
maxillary central incisors in males was type I while it was type I in 
96.6% and type III in 3.4% of females. Altunsoy et al. [21] in their 
study on Turkish population showed that 99.6% of maxillary 
central incisors were type I, 0.19% were type III and 0.12% were 
type IV. Jain et al. [25] in their study in India showed that all 
maxillary central incisors were single-rooted and single canal, 
which was almost similar to our findings.  
Maxillary lateral incisors in our study were all single-rooted; 
244 were single canal and type I while 6 teeth had two canals and 
were type III (in two males and four females). In the study by 
Altunsoy et al. [21] 97.5% of maxillary lateral incisors had one 
canal and it was Vertucci’s type I; 2.5% had two canals and were 
type II. In the study by Jain et al. [25] in India, all maxillary 
lateral incisors were single-rooted; 98% were single-canal and 
type I and 2% had two canals and were type II. Their findings 
were in agreement with ours. In the study by Altunsoy et al. [21] 
the frequency of lateral incisors with two canals among men was 
higher than that among women. However, in our study, greater 
number of females had lateral incisors with two canals compared 
to males (4 versus 2).  
All maxillary canine teeth in our study were single-rooted; 
239 (95.6%) had one single canal and were type I while 11 (4.4%) 
had two canals [5 (2%) were type III and 6 (2.4%) were type V). 
One male patient had one canine with two canals (type III) and 
10 females had canine teeth with two canals [type III in 4 (3.3%) 
and type V in 6 (4.9%)]. In the study by Jain et al. [25] all 
maxillary canine teeth were single-rooted and 96% were type I, 
3% were type II and 1% were type III. The results of the afore-
mentioned studies were almost similar to our findings. 
However, Amardeep et al. [26] reported that canine teeth with 
two canals had a much higher prevalence among a particular 
race in India (18.4%).  
Regarding the maxillary first premolars, our study showed 
that 72.4% of maxillary first premolars had one single root while 
this rate was 46% in a study by Abella et al. [27] in Spain. The 
prevalence of maxillary second premolars with two and three 
roots was 51.4% and 2.6%, respectively in their study while in 
our study, this rate was 27.6% and 0%, respectively. Tian et al. 
[28] in China reported the prevalence of maxillary first 
premolars with one, two and three roots to be 66%, 33% and 1%, 
respectively, which were closer to our values. In the study by 
Abella et al. [27] the most common canal type in maxillary first 
premolars was type IV (52.8%) followed by type I (25.1%) and 
type II (10.2%); whereas, in our study, type V with 40.8% 
frequency was the most common canal type followed by type III 
and type I with 22.4% and 16.8% frequency values, respectively.  
Regarding the maxillary second premolars, Abella et al. [27] 
reported that 82.9% of maxillary second premolars were single-
rooted, 15.5% had two and 1.6% had three roots. Yang et al. [29] in 
China reported that 86.5% of maxillary second premolars had one 
root and 13.5% had two roots. In our study, 93.2% of maxillary 
second premolars had one and 6.8% had two roots. Maxillary 
second premolars with three roots were not found in our study. In 
both studies by Abella et al. [27] and Yang et al. [29] the prevalence 
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of maxillary second premolars with more than one canal was higher 
than those with one canal (60.7% and 54.6%) while in our study, 
50.8% of maxillary second premolars had one canal (type I). 
Regarding maxillary first molars, Rouhani et al., [3] in their 
study in Iran showed that 98.4% of maxillary first molars had 
three roots, which was close to the rate in our study (97.6%). 
Neelakantan et al., [20] in India reported that 97.6% of maxillary 
first molars had three roots; this rate was 98.5% in the study by 
Kim et al., [4] in Korea. These values were in agreement with our 
results. In the studies by Rouhani et al. [3] and Neelakantan et 
al., [20], 1.6% and 0.9% of maxillary first molars had four roots, 
respectively; whereas, no case of maxillary first molar with four 
roots was found in our study or that of Kim et al. [4]. Rouhani 
et al. [3] did not find maxillary first molars with two roots while 
in our study and those of Neelakantan et al. [20] and Kim et al. 
[4], 1.3% and 1.23% of teeth had two roots, respectively. Single-
rooted maxillary first molars were not found in our study and 
that of Rouhani et al. [3], while Kim et al. , [4] and Neelakantan 
et al. [20], reported the prevalence of single-rooted maxillary 
first molars to be 0.25% and 0.9%, respectively. The most 
common type of mesiobuccal canal was type I followed by type 
VI in the study by Rouhani et al. [3], while it was type I followed 
by type IV in the study by Neelakantan et al. [20]. Type I 
followed by type III were the most common canal types in our 
study. In the study by Kim et al. [4] type IV was the most common 
type, and type I ranked second.  
The most common distobuccal canal type was type I in our 
study (100% of the cases), similar to the findings of Rouhani et 
al. [3] (96%), Neelakantan et al. [20] (90.4%), and Kim et al. 
[4] (98.75%). The most common palatal canal type was type I 
in our study (99.2% of the cases), similar to the findings of 
Rouhani et al. [3] (98.4%), Neelakantan et al. [20] (87.8%), and 
Kim et al. [4] (100%).  
Regarding maxillary second molars, Rouhani et al. [3] 
showed that 96.6% of maxillary second molars had three roots; 
this rate was 93.1% in the study by Neelakantan et al. [20], 96% 
in our study and 82.7% in the study by Kim et al. [4]. The 
prevalence of single-rooted was 0.4% in our study, and 4.63% 
in the study by Kim et al. [4]. Rouhani et al. [3] found no case 
of single-rooted maxillary second molars. 
The prevalence of double-rooted maxillary second molars 
was 0.8% in the study by Rouhani et al. [3], 5.8% in the study 
by Neelakantan et al. [20], 10.72% in the study by Kim et al. 
[4], and 3.2% in our study. The prevalence of maxillary second 
molars with four roots was 1.6% in the study by Rouhani et al. 
[3], 1.95% in the study by Kim et al. [4], 0.8% in our study, and 0% 
in the study by Neelakantan et al. [20].  
The most common mesiobuccal canal type was type I (80.8%) 
followed by type III (4%) in the study by Rouhani et al. [3]. The most 
common mesiobuccal canal type was type I (63.9%) followed by 
type IV (24.4%) in the study by Neelakantan et al. [20]. Kim et al. 
[4] reported the most common mesiobuccal canal type to be type I 
(65.6%) followed by type II (16.21%). In our study, type I (65.9%) 
followed by type III (20.4%) had the highest frequency. The most 
common distobuccal canal type was type I in the study by Rouhani 
et al. [3] (96%), Kim et al. [4] (100%), our study (100%), and that of 
Neelakantan et al. [20] (84.9%). The most common palatal canal 
type was type I in the study by Rouhani et al. [3] (99.2%), Kim et al. 
[4] (100%), our study (100%), and that of Neelakantan et al. [20] 
(92.7%). According to the aforementioned studies, not finding the 
second mesiobuccal canal is the most common procedural error 
during endodontic treatment [4]. Considering the high prevalence 
of second mesiobuccal canal in our study, clinicians must pay more 
attention to this issue. Also, our findings pointed to the possibility 
of presence of a second canal in distobuccal and palatal roots, which 
should be kept in mind during endodontic treatment of these teeth.  
Conclusion 
Our results revealed significant differences in canal type of teeth 
in our study population compared to the data reported from other 
countries and other regions of Iran. These differences can be due 
to sample size, study design, methodology, race of patients and 
genetics. The results of this study can help clinicians in efficient 
root canal treatment of teeth.  
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